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Effective Lengths for Laterally Unbraced 
Compression Flanges of Continuous 
Beams Near Intermediate Supports 
by 
J. H. Garrett, Jr.,l) G. Haaijer,2) and K. H. Klippstein 3 ) 
Abstract 
In a continuous floor beam under gravity loadings, the 
laterally unbraced bottom flange is subjected to compressive 
stresses near the interior support(s). To prevent lateral 
buckling of the flange, this region must be adequately designed. 
When the design specifications of the American Institute of Steel 
Construction (AISC) or the American Iron and Steel Institute 
(AISI) are used to design a hot-rolled or cold-formed beam, 
respectively, questions arise as to whether the inflection point, 
where the stress in the bot tom flange changes from tens ion to 
compression, can be considered as a laterally braced point and 
what the effective length should be to prevent lateral buckling 
near the interior support. 
An investigation was performed by using finite-element 
models of an I-shaped hot-rolled beam and a C-shaped cold-formed 
beam. The models were analyzed by using the MSC/NASTRAN finite-
element program. For the I beam, nine load-support-restraint 
conditions were analyzed, and the results were compared with 
solutions available in the literature to check the modeling 
techniques used. Seven of these conditions were for simple-span 
beams without lateral or torsional restraint, and two load condi-
tions were for double-span, continuous beams with full lateral 
support of the top flange and with or without torsional restraint. 
For the C-shaped beam, four load conditions were analyzed. The 
first two of these were the same as the continuous span conditions 
used for the I beams; the other two conditions utilized 3/4- and 
l-inch-thick (19.4 and 25.4 mm) plywood, respectively, to provide 
elastic lateral and torsional restraint to the top flange. These 
conditions were used to simulate C-shaped steel joists covered by 
plywood flooring without utilizing composite action. 
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The results of this investigation show that the modeling 
technique used adequately represents the behavior of an 1- or 
C-shaped beam, and that it is conservative to assume that the 
inflection point of a C-shaped beam with its top flange attached 
to 3/4- or l-inch-thick plywood flooring acts like a laterally 
braced point. To determine the allowable stress for the laterally 
unbraced bottom flange in the negative bending region of a contin-
uous beam in accordance with the 1968 edition of the AISI Cold-
Formed Steel Design Manual--Part III, it appears reasonable to use 
an unbraced length of half the distance between the interior 
support and the inflection point. However, stiffer beams attached 
to typical plywood floor thicknesses should be investigated, and 
confirmatory tests should be conducted to assure that such a 
design approach and the calculated rotational restraint are 
conservative. 
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Introduction 
In a continuous steel joist over two spans, used 
commonly in the floor system of a residence or light commercial 
structure as shown in Figure I, the bottom flange is subjected to 
compressive stresses near the interior support. When there is no 
gypsum ceiling attached, this region must be designed to prevent 
lateral buckling of the flange. In designing against lateral 
buckling, the question arises as to whether (1) the section at the 
inflection point, where the stresses in the bottom flange change 
from compression to tension, can be considered braced, and (2) the 
distance between the inflection point and the interior support is 
the effective length for investigating lateral buckling of the 
bottom flange adjacent to the interior support. 
Neither the current AISC l )* nor the AISI 2 ) specifica-
tions address this condition specifically. The AISC specifications l ) 
apply to a symmetric I-shaped beam with both flanges laterally 
unbraced, whereas most floors in light commercial construction use 
C-shaped sections that are elastically constrained against lateral 
and torsional displacements at the top flange. The AISI Cold-
Formed Steel Design Manual--Part 111 3 ) provides a method to 
analyze buckling of beam flanges with elastic lateral and 
torsional support, but only for uniform bending moments. However, 
floor beams in light commercial construction usually are designed 
for a uniform load, which results in nonuniform bending moments. 
Therefore, to develop a better understanding of the structural 
*See References. 
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behavior so that cold-formed floor joists can be designed more 
realistically, an analytical study was conducted at the U. S. 
Steel Research Laboratory as described in this paper. 
Research Objectives 
The first objective of the study was to determine 
whether a finite-element analysis that utilizes a simplified 
modeling technique for the beam flanges could be used to 
adequately analyze the lateral-buckling behavior of unbraced (or 
elastically restrained) beam flanges under various load and 
support conditions. The second and major objective was to make 
use of such an analysis method (1) to establish whether the 
inflection point of a C-shaped continuous beam, with its top 
flange attached to a plywood floor, acts as a laterally braced 
point for the bottom flange and (2) to determine the effective 
length of the bottom flange between the interior support and the 
adjacent inflection point. The latter information could then be 
used to develop a simplified-design approach for unbraced (or 
elastically restrained) flanges of uniformly loaded C-shaped 
beams, which may buckle in the negative-bending-moment region. 
Analysis Program 
Geometry Considered 
The 1- and the C-shaped-beam cross sections shown in 
Figures 1 and 2 were the subject of this study. A standard 
8-inch-deep (203 mn) M8X6.5 hot-rolled I-shaped section with a 
span of 144 inches (366 cm) and a typical 7.25-inch-deep cold-
formed C-shaped section with a span of 240 inches (610 cm) were 
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chosen. The chosen geometry of the chosen C-shaped section was 
such that, when analyzing the beam in accordance with the 
applicable provisions of the AISI Specificationsl ) and Section 3 
of the AISI Cold-Formed Steel Design Manual--Part 111,3) the 
latter provisions were critical. 
Load-Support-Restraint Conditions 
The cases considered for the two types of beams and the 
different load-support-restraint conditions are shown in Tables I 
and II. Included are nine cases for the I-shaped beam and four 
cases for the C-shaped beam, identified by an I or C, 
respectively. The load conditions considered included equal and 
opposite bending moments at the beam ends, concentrated midspan 
loads, and uniform loads. The concentrated loads and the uniform 
loads were applied to the top, the centroid, and the bottom of the 
web. For all cases, unit loads were used. 
Cases I-I through 1-7 are simple beams, chosen because 
conventional solutions for double-symmetrical beams, without any 
lateral or torsional restraints (shown equal to zero), were avail-
able in the literature to check the finite-element modeling 
technique. For all remaining cases, a fully rigjd support at the 
right end was chosen to simulate a continuous beam over two spans 
with symmetrical geometry and symmetrical loading about the center 
support. Top-flange restraints for Cases 1-8 through C-2 were 
zero or infinite, as indicated. For Cases C-3 and C-4, 3/4- and 
l-inch-thick, 24-inch-wide (610 mm) plywood was used to provide 
elastic lateral and rotational restraints, which closely simulated 
the actual conditions in a floor. 
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Modeling Techniques 
Buckling analyses were performed with the aid of the 
MSC/NASTRAN finite-element program4 ) on the U. S. Steel Cyber 175 
computer. This program is capable of determining the eigenvalues 
(a multiplier of the applied load for which the stiffness 
vanishes). The critical buckling stresses derived from this 
analysis can then be compared with those calculated by using the 
procedures outlined in Reference 1 or 3 for the hot-rolled 
I-shaped beam and for the cold-formed C-shaped beams, 
respectively. 
Model for I-Shaped Beams. The finite-element model for 
the I-shaped beams generated with the MSC/NASTRAN program is shown 
in Figure 3. The web was modeled with QUAD4 elements (modified 
isoparametric plate and shell elements). The depth of the web had 
four QUAD4 elements, and the length had 48 elements. Each flange 
consisted of 48 BEAM line elements, which did not show up in the 
elevation because they were located along both edges of the web, 
as typified in the end view. The BEAM line element had torsional 
and flexural properties equal to those of a flange. 
For Cases I-I through 1-7 the beam model was simply 
supported at each end. For Cases 1-8 and 1-9 the boundary condi-
tions were changed to simulate a symmetrically loaded continuous 
two-span beam. Each node at the right support was fixed against 
rotation in the plane of the web but was allowed to rotate about 
the vertical axis. The left end remained pinned as in the 
previous cases. In addition, the top flange was restricted from 
lateral displacement, which simulates the lateral support provided 
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by the floor deck. However, for Case 1-8, the top flange was free 
to rotate about the longitudinal axis, which represents the condi-
tion of a floor deck that provides no rotational resistance. For 
Case 1-9, the top flange was also restricted from any axial 
rotation, which represents the condition of a floor deck that 
provides full rotational restraint. 
Model for C-Shaped Beams. Figure 4 shows the finite-
element model for the C-shaped beam. Again, the web was modeled 
with QUAD4 elements and the flanges with BEAM line elements. 
However, the BEAM line elements were much more complicated for the 
C-shaped beam than for the I-shaped because of the eccentricity of 
the flange with respect to the web. The BEAM line element in the 
MSC/NASTRAN program allowed for the shear center and the neutral 
axis to be offset from each other and from other elements, such as 
those representing the beam web. 
As seen from the elevation of Figure 4, 50 elements were 
used in the longitudinal direction of the beam, with the length of 
each element approximately inversely proportional to the magnitude 
of the shear (moment gradient) in that region. Thus, the larger 
the moment gradient, the smaller the element length, and vice 
versa. The hinged- and fixed-end-support conditions were the same 
as for Cases 1-8 and 1-9. The top flange was fixed in the lateral 
direction for all cases. In addition, the top flange was given 
various degrees of torsional restraint about the longitudinal axis 
for different cases. This torsional restraint varied from zero to 
infinity, with plywood (Cases C-3 and C-4) representing an elastic-
support condition similar to that found in light construction. As 
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seen from Figure 4, the top flange of the beam model was 
restrained from rotating by a torsional spring with a stiffness 
equal to 3/4- and l-inch-thick plywood. Thus, composite action of 
the plywood with the steel beam was not utilized. 
As seen from Figure 2, the web of the C-shaped beam was 
considerably thinner than the web of the I-shaped beam. Therefore, 
in order to assure that web buckling caused by shear, bending, 
crippling, or combinations thereof would not govern, a special 
feature of MSC/NASTRAN was chosen, which suppressed theBe buckling 
models but not the buckling modes of the flanges. 
Results and Discussion 
Evaluation of Modeling Technique 
Seven load cases of the I-shaped beam (Cases I-I through 
1-7) were used to evaluate the validity of the modeling technique. 
For all seven cases, the compressive stresses were in the laterally 
unbraced top flange. The equations used for the theoretical-
buckling criteria will be described, and the results will be 
compared with the MSC/NASTRAN results. 
Case I-I--Constant End Moments. The critical value of 
end moments, Mcr ' applied to a simply supported beam according to 
Salmon and Johnson 5 ) is 
(1 ) 
where, specifically for the M8x6.5 section, 
E = modulus of elasticity of steel = 29,000 ksi 
(200,000 MPa) 
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G shear modulus of steel = 11,000 ksi (75,800 MPa) 
Cw warping constant = 5.98 in. 6 (1,606 cm6 ) 
187 
Iy moment of inertia about y axis = 0.374 in.4 (15.6 cm4 ) 
L total length of span = 144 in. (366 cm) 
J St. Venant torsional constant = 0.02827 in.4 
Cases 1-2, 1-3, and I-4--Concentrated Loads. For these 
cases a concentrated load was placed on the top flange, the web 
centroid, and the bottom flange. The critical value of a concen-
trated load at the midspan of a simply supported beam, Pcr ' 
according to F. Bleich,6) is 
where k is a dimensionless constant with the following values: 
k 14.8 when the load acts on the top flange 
k 19.4 when the load acts on the web centroid 
k 25.3 when the load acts on the bottom flange. 
Cases 1-5, 1-6, I-7--Uniform Loads. A uniform load 
placed on the top flange, the web centroid, and the bottom 
( 2 ) 
was 
flange. The critical value of a uniform load, wcr ' according to 
F. Bleich,6) is 
(3 ) 
where k is a dimensionless constant with the following values: 
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32.2 when the Load acts on the web centroid 
39.4 when the Load acts on the bottom flange 
Results for Simple Beams (Cases 1-1 through 1-7). The 
results of evaluating Equations 1, 2, and 3 are shown under 
"Critical Loading - Theory" in Table 1. For comparison, the 
MSC/NASTRAN results and the percent error are also shown in 
Table 1. The errors ranged from 0.8 to 4.1 percent. In all 
instances MSC/NASTRru, estimated the buckling strength on the 
conservative side. The program and the modeling technique 
utilized can therefore be used with confidence for such buckling 
problems. 
Evaluation of Continuous Beams 
For all continuous-beam cases, a uniform unit load was 
applied to the top flange in the plane of the web. All top 
flanges were prevented from being laterally displaced, simulating 
the interaction between the beam and a deck. 
Cases 1-8 and 1-9--I-Shaped Sections. Load Cases 1-8 
and 1-9, shown in Table II, represent the limits of having no 
torsional restraint or complete torsional restraint, respectively, 
provided by a deck. 
The AISC specification l ) does not contain design provi-
sions for Cases 1-8 and 1-9 or for the multitude of cases with 
partial rotational restraint of the top flange. However, it does 
contain provisions (Section 1.5.1.4.5) for members "having an axis 
of symmetry in and loaded in the plane of their web" and "bent 
about their major axis." Specifically, the provisions pertain to 
lateral buckling of the compression flange between two braced 
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points. At these points it is assumed that both flanges are 
laterally braced and that the member is fully restrained against 
axial rotation. However, between brace points, both flanges are 
assumed to be free to move laterally, and the member is free to 
rotate about its longitudinal axis. Thus, the use of these AISC 
provisions is expected to provide more conservative results (lower 
allowable stresses) than those obtained from the MSC/NASTRAN 
program; however, both examples are helpful in developing a 
methodology of comparison for the presently used C-shaped sections 
and for those used for future studies, which could lead towards 
additional AISC or AISI specification provisions. 
By using Equation 1.5-6b of the AISC specification,l) 
the critical stress for a flange in compression is 
(Fb) (FS) ( 4 ) 
The design stress, Fb , is given by AISC as 
(4a) 
The following definitions apply: 
r = radius of gyration for the compression flange plus one 
FS 
third of the web 
factor of safety 
0.455 in. (11.6 mm) 
1. 67 
~ unbraced length between the interior support and a 
ficticious point along the beam, which is considered to 
be braced 
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Moment Gradient Coefficient 
(4b) 
M2 the larger of the two bending moments at the braced 
points located at the interior support for the cases 
under consideration, and 
Ml the bending moment at the ficticious point considered 
as being braced. 
Evaluation of Equation 4 for an unbraced length of 
36 inches (914 mm), which is equal to the distance between the 
inflection point and the interior support, results in a theoret-
ical buckling stress of 78.3 ksi (540 MPa). The critical buckling 
stresses for zero and infinite rotational restraint determined by 
the MSC/NASTRAN program are 44.6 and 170.1 ksi (308 and 1172 MPa), 
respectively, as shown in Table II. These results can be more 
conveniently presented in terms of a calculated "effective 
unbraced length" that satisfies Equation 4 as described below. 
Figure 5 shows the critical elastic stress, Fcr ' calcu-
lated from Equation 4 for values of the unbraced length, t, 
ranging up to 100 inches. The critical stresses found by 
MSC/NASTRAN (44.6 and 170.1 ksi) were then used to graphically 
find the unbraced lengths from this plot. 
The effective length for Case 1-8 was about 53 inches 
(1350 mm). This length was greater than the distance between the 
inflection point and the center support, which was 36 inches 
(910 mm). As a result, if the loaded top flange is only 
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restricted from lateral displacement, the inflection point could 
not be treated as a braced point because the use of the inflection 
point as a braced point in the AISC specifications would yield an 
unconservatively high eigenvalue. 
The effective length for Case 1-9 (top flange restricted 
from axial rotation as well as lateral displacement) was about 
23 inches (580 mm). This length was less than the 36-inch 
distance between the inflection point and the fixed end. Therefore, 
if the inflection point was used as a braced point for this case, 
a conservative value of the critical load would be obtained. 
These results, summarized in Table II, parallel the results that 
were found for an I-shaped beam in work done at the University of 
Texas by J. A. Yura under AISI sponsorship.7) 
Cases C-I through C-4--C-Shaped Sections. Four cases 
with a C-shaped section were studied, as defined by C-I through 
C-4 in Table II. Load Cases C-I and C-2 showed the same extreme 
top-flange-restraint conditions as Cases 1-8 and 1-9, respectively, 
representing either no rotational restraint or full rotational 
restraint. For Cases C-3 and C-4, the lateral and torsional 
restraints are provided by 3/4- and l-inch-thick plywood, 
respectively, as will be explained in the following description. 
A method for finding critical stresses for laterally 
unbraced compression flanges of C-shaped sections attached to a 
floor or roof deck is provided in Section 3 of the AISI Cold-
Formed Steel Design Manual--Part III. 3) This method is applicable 
to beams with constant bending moments. However, for the four 
cases of uniformly loaded C-shaped sections included in this 
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study, the bending moment was not constant. Therefore, if the 
maximum bending moment is used, the method should lead to 
conservative results. The method consists of the following 
steps: (1) finding the "equivalent column" area (a defined 
portion of the web and the compression flange); (2) calculating 
the spring constant of a l-inch-long section of the beam by theory 
or from tests; and (3) finding the critical axial "equivalent" 
column load, Per' by using one of the following equations: 













R, = unbraced length (inflection point to interior support, 
60 in. or lS2.4 em) 
fl spring constant of a l-inch-long section 
290,000I/R,2 ( 6) 
T R,TO/L' if R, is less than L', or (7a) 
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T TO if ~ is equal to or greater than L' (7b) 
h/(h + 3.4 yo) (8 ) 
L (9 ) 
I moment of inertia of equivalent column about its gravity 
axis parallel to the web 
t material thickness 
h distance from extreme-tension fiber to the centroid of 
equivalent column 
yo distance from centroid to shear center. 
Appendix A describes this analysis and the resulting parameter 
values in more detail. From the critical column load, an 
equivalent slenderness ratio was found by using the equation 
where 
(K~/r) 
eq 490/lp !A cr c 
AC = cross-sectional area of the equivalent column. 
(10 ) 
The equivalent slenderness ratio was used in the Euler equation, 
Equation 3.6.1-3 found in Section 3.6.1.1 of the AISI Specifica-
tion,2) to determine the allowable stress, Fal , as 
12 
23 (KR./r) eq2 
(11 ) 
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The critical buckling stress Fcr at the center of gravity of the 
equivalent column is 
F 
cr (12) 
where FS denotes the factor of safety, which is equal to 23/12. 
Substituting this value and Fal from Equation 11 in Equation 12 
leads to 
1I2E/(KR./r) 2 
eq (13 ) 
The section properties of the equivalent column and the 
S values for the four cases were calculated as shown in 
Appendix A. Determining the S values from tests is considered to 
be more conservative. For Case C-l (top flange without torsional 
restraint), S is equal to zero. For the remaining cases the S 
values vary from 0.003793 for Case C-3 (floor with 3/4-inch-thick 
plywood) to 0.003823 for Case C-2 (no torsional restraint of top 
or tension flange). Equation 5a is not applicable for Case C-l 
because S is equal to zero. Equation 5c could not be used 
because, for the cases investigated, C was always less than 30. 
Equations 5 through 13 were evaluated by using R. equal to 
60 inches (distance between interior support and inflection 
point) in Equation 5b. The results for the critical buckling 
stresses are summarized in Table II and compared with the 
MSC/NASTRAN buckling stresses at the center support. For 
Case C-l, Equation 5b predicted a buckling stress significantly 
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higher than that of MSC/NASTRAN, which is unconservative; 
however, for Cases C-2 through C-4, stresses predicted by 
Equation 5b were conservative. Using Equation 5a for Case C-4* 
leads to even more conservative results, as shown on the bottom 
line of Table II. 
An ~ ranging from 8 through 100 inches (20 through 
254 cm) was used to determine the critical buckling stress 
(Equation 13) as plotted in Figure 6. For simplification, only 
one curve (B = 0.0038) was used to represent Cases C-2, C-3, C-4 
and C-4*. The critical buckling stresses determined by 
MSC/NASTRAN were then used to determine an "effective column 
length" from the graph in Figure 6. As seen from the results 
shown in the last column of Table II, the effective column 
lengths for Cases C-2, C-3, and C-4 are less than one fourth of 
the distance between the interior support and the inflection 
point (15 inches or 38 cm). 
Thus, for C-shaped sections attached to 3/4- or l-inch-
thick plywood, continuous over two spans, the AISI design 
method 2 ,3) for the design of the unbraced compression flange 
adjacent to the interior support appears to lead to very 
conservative results if the inflection point is assumed to be 
braced and the unbraced length of the compression flanges is 
taken as the distance between the inflection point and the 
interior support. This applies provided other design provisions, 
such as buckling of the web or the edge stiffener, are not 
critical. On the basis of this study, it appears reasonable to 
determine Fcr according to Equations 5b through 13 by using as ~ 
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only half of the distance between the inflection point and the 
interior support. However, additional studies with 3/4- and 
l-inch-thick plywood attached to stiffer beams should be 
investigated, and confirmatory tests should be conducted to 
assure that this design approach and the calculated rotational 
restraints are conservative. 
Conclusions 
An investigation was performed by using finite-element 
models of an I-shaped hot-rolled beam and a C-shaped cold-formed 
beam. The models were analyzed by using the MSC/NASTRAN finite-
element program. For the I beam, nine load-support-restraint 
conditions were analyzed, and the results were compared with 
solutions available in the literature to check the modeling 
techniques used. Seven of these conditions were for simple-span 
beams without lateral or torsional restraint, and two load 
conditions were for two-span, continuous beams with full lateral 
support of the top flange and with or without torsional restraint. 
For the C-shaped beam, four load conditions were analyzed. The 
first two of these were the same as the continuous span conditions 
used for the I beams; the other two conditions utilized 3/4- and 
l-inch-thick (19.4 and 25.4 mm) plywood, respectively, to provide 
elastic lateral and torsional restraint to the top flange. These 
conditions were used to simulate C-shaped steel joists covered by 
and attached to plywood flooring. 
The results of this investigation show that the modeling 
technique used adequately represents the behavior of an 1- or 
C-shaped beam, and that it is conservative to assume that the 
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inflection point of a C-shaped beam with its top flange attached 
to 3/4- or l-inch-thick plywood flooring acts like a laterally 
braced point. To determine the allowable stresa for the laterally 
unbraced bottom flange in the negative bending region of a 
continuous beam in accordance with the 1968 edition of the AISI 
Cold-Formed Steel Design Manual--Part III, it appears reasonable 
to use an unbraced length of half the distance between the 
interior support and the inflection point. However, stiffer beams 
attached to typical plywood floor thicknesses should be investi-
gated, and confirmatory tests should be conducted to assure that 
such a design approach and the calculated rotational restraints 
are conservative. 
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Table II 
Results of Effective-Length Calculations for 
Two-Span Continuous Beams with 1- and C-Shaped Sections 
Distance 
Length From Center Critical Stress, 
Top of Each Support to ksi 
Flanse Restraint Span L, Inflection MSC/ 
Case Lateral Torsional in. Point, in. Theory NASTRAN 
1-8 0 144 36 78.3 44.6 
1-9 144 36 78.3 170.1 
C-l 0 240 60 35.5 25.5 
C-2 240 60 40.5 277.9 
C-3 3/4" Plywood 240 60 40.5 144.5 
C-4 1" Plywood 240 60 40.5 176.2 
C-4* 1" Plywood 240 60 28.20 176.2 
*Using Equation 5a; for all other cases with C-shaped sections, 
Equation 5b was used. 
1 in. 25 • 4 rom 
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Appendix A 
Section Properties and Calculations for C-Shaped Beams 
The dimensions of the C-shaped beams are shown in 
Figure 2 of the text. 
Equival~nt Column Calculations for C-Shaped Beam 
The "equivalent column" is determined in accordance 
with the AISI Cold-Formed Steel Design Manual--Part III. 3 )* The 
distances from the centroid to the extreme compression and 
tension flanges, Cc and Ct , are equal to 3.59 and 3.66 inches 
(91.2 and 92.9 mm), respectively. The part of the web to be 
included in this equivalent column is 
v (web depth) (3Cc - Ct )/(12 Cc ) 
V 1.197 in. (30.4 mm) 
This resulted in the column section exhibited in Figure A-I. 
Figure A-I 
This section was then assumed to be that in Figure A-2 so that 
the section properties could be more readily calculated. 
* See References, main text. 
202 SIXTH SPECIALTY CO~ERENCE 
A-2 
f t::O.Obl£.l. ~ 
6=0.7554, S" ; 1=O'84<i4" I 
.Lt _:~==~~>-~_.~~~=_=~~~~~~~:~C_.=G~. ~~V~-~-.=R=;-=3=/=3!t;;~1 i 8 ~O'18 7'1 'I" I~r=o, J242~" . " ~ t 
d=J.814-' m 
SHEAR 
d" /, (, 2"," Ct=N TER. 
A'=U75" 
,Figure A-2 
The results of the calculations are 
Area of e~uivalent .column: 
A t [a + 2b + 2ul (A-2) 
A 0.20931 in. 2 (135 mm 2 ) 
Moment of inertia about X axis: 
IX = 2t {0.0417a + b[(a/2) + rl + u[(a/2) + 0.637rl 
+ 0.149r} 
Ix = 0.121S in.4 (5.07 x 10 4 mm 4 ) 
, Distance between web centerline and centroid: 
x = (2t/A)(([b/2l +r) + u (Ow363r)} 
x=0.226 in. (5.75mm) 
Moment of inertia about y axis: 
2t {b[(b/2) + rl +(0.OS33b) + (O.356r)} 
Iy 0.0277 in.4 (1.153 x 104mm4) 
Distance between shear center and web centerline: 
m = (bt/12I x ) [6ca + 3ba - Scl 
m =0.297 in. (7.55 mm) 
Distance between the centroid and the shear center 
Yo m + x 
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Determination of Spring Constant, ~ 
Case C-l - No Rotational Restraint of the Top Flange. 
When the top flange is free to rotate, ~ = O. 
Case C-2 - Full Torsional Restraint of Top Flange. The 
displacement of a l-inch-long portion of the C-shaped beam, 
caused by a load of 0.001 kip, is calculated as in Figure A-3. 
The result is 
Db = 0.261 in. (6.64 rom) 




Therefore, ~ = O.OOl/Db = 3.82 x 10-3 kip/in. (0.670 kN/mm) 
Case C-3 - Three-quarter-inch-thick (19.4 mm) plywood 
decking. In this case, the top flange of the beam was assumed to 
be attached to a plywood deck with some degree of rotational 
stiffness, which has to be combined with the section stiffness. 
The joist spacing used was 24 inches (61 cm) and the plywood 
modulus of elasticity, Ep ' according to the Plywood Design 
Specification,8) was 1375 ksi (9480 MPa). The spring constant 
was determined by using the bending moments in the plywood and in 
the C-shaped section as shown in Figures A-3 and A-4, respectively. 
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I. 12." . \~ I Z. " .1 
arrrn1IlTTITfffil M=3.504x £-3 k-in. 
~ 
MRS'ON" ~ S~RING 
QUAD4 ELEMENT.s 
BEAM ~/NE ELEMENTS 
(FLANGE) 
Figure A-4 
deflection from bending of the plywood 
Dp = 0.00203 in. (0.05 mm) 
deflection from bending of the beam is 
Db = 0.262 in. (6.64 mm) 
total deflection is 
R£STRAINTOFTop FLANGE 
CASE C-3 AND C-4 
EfJD V,EW' 
is 
D = Dp + Db = 0.262 + 0.00203 
Therefore, ~ = O.OOl/D 
0.264 in. (6.70 mm) 
~ = 3.79 x 10-3 kip/in. (0.664 kN/mm) 
Case C-4 - One-inch-thick plywood decking. Calcula-
tions for this case parallel those discussed for Case C-3: 
Thus, ~ 
Dp 0.001 in. (0.02 mm) 
Db 0.262 in. (6.64 mm) 
D = Dp + Db = 0.263 in. (6.67 mm) 
O.OOl/D = 3.81 x 10-3 kip/in. (0.667 kN/mm) 
1 
A~ 
DESIGN OF CONTINUOUS BEAMS 
SIMPLIFICATION DUE. To 
SYMMETRY AT B 






BOTTOM FLANGE IN 
COMPRESSION 
CONTINUOUS BEAM OVER Two SPANS 
205 
FtGURE I 
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o. DIMENSIONS OF HOT-RoLLED BE:AM (M8x ",5) 
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CASE C-2, 277. ~ ks; 




_1-t CASE C-3, 14-4.5 ksi 
lih. = 25,4l1'1m 
Il<.si =-".895 M PA., 
f3= 0.0038 
CASES C-2,3J 4) AND 4"-
{3=O 
CASe: C-/ 
o~~~~~ ______ ~ ________ ~ ______ ~ ______ ~ __ __ 
o 20 40 60 80 
EFFECTIVE LENGTH VS. CRITICAL STRESS 
FoR. C-SHAPED SECTIONS 
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